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Description 



CERAMICS SINTERED BODY, METHOD FOR PRODUCING CERAMICS 
SINTERED BODY AND EXOTHERMIC BODY FOR METAL VAPOR 
DEPOSITION 

<Technlcal Fleld> 

The present Invention relates to a ceramics sintered 
body, a method for producing the ceramics sintered body 
and an exothermic body for metal vapor deposition. 

<Background Art> 

As an exothermic body for metal vapor deposition, 
there has hitherto been known a boat form (hereinafter 
referred to as a ^^boat") In which a cavity Is formed In an 
upper surface of a ceramics sintered body mainly 
comprising, for example, boron nitride (BN) , aliomlnum 
nitride (AIN) or titanium dlborlde {TIB2) (patent document 
1) , and as an example of a commercially available product 
thereof, there Is '^BN Composite EC, a trade name, 
manufactured by Denkl Kagaku Kogyo Kabushlkl Kalsha. 
There Is also a form having no cavity. As for the usage 
of these, both ends of the boat are connected to 
electrodes with clamps, and voltage Is applied thereto, 
which allows It to generate heat to melt and evaporate a 
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metal such as aluminum wire rods fed in the cavity, 
thereby obtaining a vapor deposition film, followed by 
cooling. 

In such a boat, the molten metal corrodes the boat 
to fluctuate the effective sectional area and electric 
resistance, resulting in failure to give a sufficient 
vapor deposition speed. For example, when the molten 
metal is aluminiam, corrosion occurs according to the 
following reaction equations: 

Al(s)+TiB2(s)^Al (1)+ TiBad) 

13A1 (s) +12BN (s) ->AlBi2 (s) +12A1N (s) 

Further, the corrosion locally occurs at a cavity 
portion in many cases, that is, spreading by wetting of 
molten aluminum is localized to a center portion of the 
cavity. Accordingly, the film thickness distribution of a 
material to be vapor deposited comes failed to be 
sufficiently given, reaching the end of life. In order to 
prolong the boat life, what is necessary is just to 
increase the relative density of the boat to 95% or more 
(patent document 2) . However, this necessitates a high 
pressure as high as 100 to 300 MPa, so that the cost of 
equipment increases, and productivity is also inferior. 
On the other hand, there is also a proposal of devising a 
method for cutting out of a hot press sintered body so 
that anisotropy does not occur in crystal orientation of 
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BN in the boat (patent document 3) . However, in spite of 
these improvements/ the above-mentioned reactions 
gradually proceed under high temperature during aliaminum 
vapor deposition, and there has been still room for 
pr ol ongi ng the 1 i f e . 

[Patent Docxament 1] JP-B-53-20256 

[Patent Docioment 2] JP-A-60-21866 

[Patent Document 3] JP-B-5-66906 

<Disclosure of the Invention> 

In view of the above-mentioned problems involved in 
the conventional art, the present inventors have further 
made studies. As a result, it has been found that when a 
mixed raw material powder containing a specific low 
crystalline BN powder is used and sintered while 
crystallizing it, titanixom nitride exists in a grain 
boundary phase of the resulting sintered body to provide a 
grain boundary phase different from a conventional grain 
boundary phase which is amorphous and has a large amount 
of oxygen and with which the progress of corrosion is 
accelerated, thus completing the invention. In general, 
almost of ceramics materials has a form called a 
polyc3rystal in which grains having a size of several 
micrometers to several tens of micrometers are bonded by 
sintering, and the grain boundary phase is a portion in 



3 



which impurities of a raw material powder are concentrated 
among the grains, in many cases. 

That is, the invention relates to a ceramics 
sintered body comprising boron nitride, titanixim diboride, 
a calcixom compound and titanium nitride and having a 
relative density of 92% or more, wherein the content of 
the calciiom compound in terms of CaO is from 0.05 to 0.8% 
by weight, and a peak intensity by X~ray diffraction of 
the (200) plane derived from titanium nitride is from 0.06 
to 0.15 relative to a peak intensity of the (002) plane of 
BN. In this case, it is preferred that a part or all of 
the titanium nitride exists in a grain boundary phase. 
Besides, it is preferred that aluminiim nitride is further 
contained. Further, it is particularly preferred that the 
conditions that the boron nitride crystal contained in the 
ceramics sintered body has a C-axis lattice constant of 
6.675 angstroms or less and that the ceramics sintered 
body has an oxygen cunount of from 1 to 2% by weight are 
satisfied at the same time. 

Further, the invention relates to an exothermic body 
for metal vapor deposition, which is constituted by the 
cibove -mentioned ceramics sintered body. 

Furthermore, the invention is a method for producing 
a ceramics sintered body comprising sintering a mixed raw 
material powder containing a titanium diboride powder, a 
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boron nitride powder, a calcium-based sintering aid and 
optionally an aluminum nitride powder, in a non-oxidative 
atmosphere at a temperature of 1800 to 2100'*C, wherein the 
above-^mentioned boron nitride powder has a C-axis lattice 
constant of a boron nitride crystal of 6,690 angstroms or 
less, a cumulative average diameter of 4 to 20 ^un, a BET 
specific surface area of 25 to 70 m^/g, and an oxygen 
amount of 1.0 to 2.5% by weight, and the above-mentioned 
mixed raw material powder contains a calcium-based 
sintering aid in an amount of from 0.09 to 0.8% by weight 
in terms of CaO. In this case, it is preferred that the 
calciiam-based sintering aid is at least one member 
selected from CaO, Ca(OH)2 and CaCOa. 

According to the invention, there are provided a 
ceramics sintered body improved in corrosion resistance to 
a molten metal , and a method for producing a ceramics 
sintered body, which is applicable to the production 
thereof. Further, there is provided an exothermic body 
which can achieve the prolonged life. 

<Best Mode for Carrying Out the Invention> 

Main components constituting the ceramics sintered 
body of the invention are boron nitride and titanium 
diboride. The ceramics sintered body can be made 
insulative and conductive thereby, and becomes suitable. 
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for example^ for applications such as an exothermic body 
for metal vapor deposition. In this case, boron nitride 
functions as an insulating material, so that it can be 
replaced by aluminum nitride, which is also an insulating 
material, up to a maximum of 50% by weight thereof. 
Thereby, conducting characteristics are improved and it 
becomes possible to decrease the cost. Illustrating an 
example of the constituent ratio of the main components, 
boron nitride is from 40 to 55% by weight, titanium 
diboride is from 45 to 60% by weight, and aluminum nitride 
is from 0 to 20% by weight. It is preferred that these 
main components have a content of 95% or more by weight in 
the ceramics sintered body. 

On the other hand, components other than the sJDOve- 
mentioned main components which constitute the ceramics 
sintered body of the invention are a calcium compound and 
titanium nitride. The calcium compound is a component 
necessary for adjusting the relative density of the 
ceramics sintered body to 92% or more, and the content 
thereof is from 0.05 to 0.8% by weight in terms of CaO. 
Less than 0.05% by weight results in difficulty to adjust 
the relative density to 92% or more, whereas more than 
0.8% by weight results in the possibility of bringing 
about seizing with a jig or the like during sintering of 
the ceramics. The requirement of a relative density of 
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92% or more is necessary for making the corrosion 
resistance of the cereimics sintered body sufficient. 

Titanium nitride is a component for imparting 
corrosion resistance to the ceramics sintered body, and it 
is preferred from the viewpoint of improvement in 
corrosion resistance that at least a part thereof is 
allowed to exist in a grain boundary phase. The existence 
of TiN in the a grain boundaary phase can be confirmed by 
using the state of element distribution by an EPMA (X-ray 
microanalyzer) at a cross-sectional ground portion in 
combination with a powder X-ray diffraction method. The 
peak intensity by X-ray diffraction of the (200) plane 
derived from titanium nitride is adjusted to a ratio of 
0.06 to 0.15 relative to the peak intensity of the (002) 
plane of BN. That is, the X-ray peak intensity ratio (TiN 
(200) plane/BN (002) plane) is adjusted to a ratio of 0.06 
to 0.15. When this ratio is less than 0.06, the effect of 
improving corrosion resistance is insufficient. When it 
is more than 0.15, the ceramics sintered body becomes too 
hard, resulting in deterioration of processability . 

The reason why the corrosion resistance of the 
ceramics sintered body is improved by allowing TiN to 
exist in at least the grain boundary phase is explained by 
that the affinity of TiN for a molten metal is smaller 
than that of the other constituents (B2O3, Ti02 and AI2O3) 
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of the grain boundary phase. That is, making an 
explanation referring to a case where the molten metal is 
aluminijun as an example, when free energy G in forming Al-X 
(X=grain boundary constituent) is determined at a 

temperature of lOOO^'C at which Al is thermodynamically 
spread by wetting, it is -56.1 kJ/mol for AI-B2O3, and - 
83.7 kJ/mol for Al-Ti02. In contrast, it is -12.2 kJ/mol 
for Al-TiN, and TiN is small in affinity for Al to thereby 
improve the corrosion resistance. 

In the ceramics sintered body of the invention, the 
corrosion resistance is further improved by satisfying the 
conditions that the oxygen amount thereof is from 1 to 2% 
by weight and that the C-axis lattice constant of a boron 
nitride crystal contained in the ceramics sintered body is 
6,675 angstroms or less, at the same time. That is, when 
the C-axis lattice constant becomes larger than 6.675 
angstroms, BN comes to have a low crystallinity and a 
large crystal strain, so that it becomes easy to receive 
corrosion due to the molten metal. Further speaking, a BN 
grain low in ciYstallinity contains solid solution oxygen 
and stacking fault in large amounts, and such structural 
defects in the grain become starting points of corrosion 
due to the molten metal. There is no limitation on the 
lower limit of the C-axis lattice constant, and it is 
possible up to 6.662 angstroms of the theoretical value. 
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Higher crystallinitY is preferred because of stronger 
corrosion resistance . 

Further, explaining the reason why the oxygen 
content of the ceramics sintered body is preferably from 1 
to 2% by weight, it has been proved that oxygen mainly 
exists in a clearance between BN (AIN) and the TiBa grain, 
which is a grain boundary, in the ceramics sintered body 
of the invention, and the melting point thereof is 
generally low, compared to BN, AIN and TiB2. When the 
oxygen amount exceeds 2% by weight, the grain boundary 
phase having a low melting point forms a liquid phase at a 
working temperature of the ceramics sintered body such as 
the boat, and the reaction with the molten metal and the 
like becomes licU^le to occur, resulting in impairment of 
corrosion resistance. On the other hand, when the oxygen 
amount is less than 1% by weight, the intergranular 
bonding force between BN (AIN) and TiB2 becomes 
insufficient, resulting in inpairment of corrosion 
resistance. 

The method for producing a ceramics sintered body of 
the invention is adapted to the production of the ceramics 
sintered body of the invention. This will be described 
below. 

The mixed raw material powder used in the invention 
contains a titanium diboride powder (hereinafter also 
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referred to as a ""TiBa powder") , a boron nitride powder 
(hereinafter also referred to as a ^^BN powder") and a 
calcium-based sintering aid, and optionally containing an 
aluminxom nitride powder (hereinafter also referred to as 
an ^^AIN powder") . The constituent ratios of the 
components before and after sintering scarcely vary, so 
that the mixing ratio of the respective powders can be 
made the same as the above-mentioned constituent ratio of 
the ceramics sintered body. Although such a mixed raw 
material powder has hitherto been used, important in the 
invention is to use the specific low cjrystalline BN powder, 
and to sinter the low crystalline BN powder while 
crystallizing it, in the presence of a specific amount of 
the calcium-based sintering aid. 

The BN powder used in the invention is one having a 
C-axis lattice constant of a boron nitride crystal of 
6.690 angstroms or less, a ciamulative average diameter of 
4 to 20 nm, a BET specific surface area of 25 to 70 m^/g, 
and an oxygen amount of 1.0 to 2.5% by weight. The 
^^cumulative average diameter" referred to in the invention 
means the grain size (D50) at a number -conversion 
cumulative percentage of 50% . 

The BN powders are commercially available widely 
from a low crystalline one to a high crystalline one. 
However, it was found that there is a limit in the effect 
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of improving the corrosion resistance with the use of the 
high crystalline BN powder which has hitherto been 
considered to be suitable. Consequently, in the invention, 
a level of the corrosion resistance with the conventional 
high crystalline BN powder can be surpassed by using the 
low-oxygen and low crystalline BN powder having an oxygen 
amount of 1.0 to 2.5% by weight and a C-axis lattice 
constant of 6.690 angstroms or less. Further, this effect 
is promoted by adjusting the grain size to a cumulative 

average diameter of 4 to 20 pm and a BET specific surface 
area of 25 to 70 m^/g. 

That is, it has been found out that when the mixed 
raw material powder containing the above-mentioned low- 
oxygen and low crystalline BN powder is sintered in the 
presence of a specific amount of the calcium-based 
sintering aid under the specific conditions, the grain 
boundary phase of the resulting ceramics sintered body 
becomes one in which TiN is a main phase, that is, the 
above-mentioned X-ray peak intensity ratio (TiN (200) 
plane/BN (002) plane) of the ceramics sintered body 
becomes 0.06 to 0.15 to improve the corrosion resistance. 
Although the mechanism of TiN phase formation is not known 
exactly, it is conceivable that Ti02 which is a surface 
oxide layer of the TiBa grain reacts with B2O3 which exists 
on a surface of the BN powder in the course of sintering 
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to form a liquid phase, in which the BN grain is dissolved 
and reprecipitated, and concurrently therewith, Ti02 is 
nitrided to form TiN. 

In the invention, when the C-axis lattice constant 
of the BN powder exceeds 6.690 angstroms, low crystalline 
BN remains in the resulting ceramics sintered body to fail 
to improve the corrosion resistance. When the cxomulative 
average diameter is less than 4 ^im, it becomes difficult 
to control the oxygen amount to 2.5% or less by weight. 

When the cumulative average diameter exceeds 20 pm, or 
when the BET specific surface area is less than 25 m^/g, 
the ceramics sintered body having a relative density of 
92% or more cannot be produced. When the BET specific 
surface area exceeds 70 m^/g, the formed article density 
before sintering decreases, also resulting in failure to 
produce the ceramics sintered body having a relative 
density of 92% or more. When the oxygen amount of the BN 
powder is less than 1.0% by weight, the oxygen amount 
necessary for sintering is insufficient, and exceeding 
2.5% by weight results in excessive precipitation of 
oxygen in the grain boundary phase to cause insufficient 
corrosion resi stance . 

The BN powder used in the invention can be produced, 
for example, by a method of heating a mixture of borax and 
urea in an ammonium atmosphere to 800°C or higher, a 
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method of heating boric acid or a mixture of boron oxide 
and calcixim phosphate and a nitrogen-containing compound 
such as cunmonium or a dicyanamide to 1300**C or higher, and 
the like. In any BN powder, the adjustment of the oxygen 
amount to 1.0 to 2.5% by weight is performed by heat 
treatment under a non-oxidative atmosphere such as 

nitrogen or argon at a temperature of 1100 to 1300*^C for 3 
to 5 hours. When the heat treatment temperature exceeds 
1300°C, the C-axis lattice constant of the BN powder 
becomes less than 6.690 angstroms to form a high 
crystalline BN powder. In addition, it is preferred to 
wash with a dilute acid such as 0.1-1% nitric acid after 
the heat treatment. 

When the content of the calcium-based sintering aid 
in the mixed raw material powder is less than 0.09% by 
weight in terms of CaO, it becomes difficult to sinter the 
low crystalline BN powder while crystallizing it. On the 
other hand, when it exceeds 0.8% by weight, it remains in 
an increased amount in the grain boundary, resulting in 
insufficient corrosion resistance. As the calciiun-based 
sintering aids, there are used, for example, nitrides such 
as CaCNa and calcium nitrate, and stabs tances which are 
changed to calcium oxides by heating, for example, such as 

a-Ca3(P04)2 and Ca4(P04)20, as well as various calcium 
oxides. Preferred are CaO, Ca(OH)2 and CaCOa. It is 
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preferred that the average grain size of the calcium-based 

sintering aid is 0.8 jim or less, and particularly 0,5 urn 
or less. 

As the TiB2 powders and the AIN powders, there are 
used one produced by subjecting a Ti powder or an Al 
powder to a direct nitriding reaction or a direct boriding 
reaction, one produced by subjecting a Ti02 powder or a 
powder of AI2O3 to a reduction nitriding reaction or a 
reduction boriding reaction, and the like. The average 

grain size is preferably from 5 to 25 |jm. Commercially 
available products are sufficiently usable as these. 

The mixed raw material powder is sintered in a non- 
oxidative atmosphere at 1800 to 2100^^0, preferably after 
granulated. For exsunple, after uniaxial pressurization or 
cold isotropic pressure pressurization, it is sintered at 

ordinary pressure at a temperature of 1800 to 2100''C, or 
sintered in a gas atmosphere of 0.8 MPa or less. Further, 
it can also be sintered with a hot press or hot isotropic 
pressure press of 1 to 100 MPa at 1800 to 2100*^0. When the 
sintering temperature is lower than 1800**C, sintering 
becomes insufficient. On the other hand, exceeding 2100'*C 
results in failure to produce the ceramics sintered body 
having a relative density of 92% or more. As the non- 
oxidative atmosphere, there is used an atmosphere of 
nitrogen, argon, carbon dioxide gas, ammonia or the like. 
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It is desirable that the powder is put in a 
graphite -made crucible, a boron nitride-made crucible or a 
crucible lined with boron nitride, and sintered in a non- 
oxidative atmosphere. In the hot press process, sintering 
is performed using a graphite-made or boron nitride-made 
sleeve or a sleeve lined with boron nitride. 

When the exothermic body for metal vapor deposition, 
for example, a boat, of the invention is produced from the 
ceramics sintered body, it is processed into an 
appropriate form by a conventional method. Illustrating 
an example of the dimension thereof, it is a strip form of 
130-150 mm long x 25-35 mm wide x 8-12 ram high. In the 
case of the boat, a cavity (90-120 mm long x 20-32 mm wide 
X 0.5-2.0 deep) is formed in a central portion on an upper 
surface thereof. The processing is performed by machining, 
lasering or the like. 

<£xamples> 

Examples 1 to 10 and Comparative Examples 1 to 7 

A TiB2 powder (average grain size: 12 (xm, purity: 
99.9% or more by weight) , an AlN powder (average grain 

size: 10 jim, purity: 98.5% by weight), a CaO powder 
(average grain size: 0.5 jim, purity: 99.9% or more by 
weight) and various BN powders shown in Table 1 were mixed 
at ratios shown in Table 1 to prepare various mixed raw 
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material powders . The various BN powders as used herein 
were produced by heat treating a BN powder obtained by 
heating a mixture of borax and urea in an ammonium 
atmosphere, variously changing heat treatment conditions 
of 1100 to 1300°C for 3 to 5 hours under a nitrogen 
atmosphere. This was filled in a graphite die and hot 
pressed under conditions shown in Table 2 in a nitrogen 
atmosphere to produce a cercunics sintered body (a coliimn 
form of 200 mm in diameter by 20 mm high) • 

A rectangular parallelepiped (150 mm long x 30 mm 
wide X 10 mm thick) was cut out of this ceramics sintered 
body, and a cavity (26 mm wide x 1 mm deep x 120 mm long) 
was formed in a central portion on a surface thereof by 
machining to prepare a boat. Then, (1) the corrosion 
resistance and (2) the life of the boat were measured 
according to the following. 

(1) Corrosion Resistance: Ends of the boat were 
connected to electrodes with clamps, and the applied 
voltage was set so that the temperature of a central 

portion of the cavity was adjusted to ISOO^C. A process of 
performing vapor deposition while feeding an aluminum wire 
with a diameter of 1.5 mm to the cavity at a constant 
speed of 6.5 g/minute for 40 minutes, in a vacuum having a 
degree of vacuum of 2x10"^ Pa, followed by cooling to room 
temperature was taken as one cycle, and repeated. In each 
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cycle, a sample was taken out, and the depth of the most 
corroded of the cavity portion was measured by using a 
laser displacement meter (instrument: 

manufactured by Keyence Corporation) • The rate at which 
the boat was corroded for 40 minutes was determined. It 
can be said that the lower corrosion rate shows the 
ceramics sintered body better in corrosion resistance. 

(2) Boat Life: A cycle of performing vapor 
deposition on a resin film at a position 200 mm above the 
boat based on the conditions of the above-mentioned 
corrosion resistance test was repeated, and the number of 
cycles at the time when the thickness of an aluminum vapor 
deposited film came to be 2000 angstroms per 1 cycle was 
determined. It was taken as the life of the boat. 

Further, the relative density of the ceramics 
sintered body, the C-axis lattice constant of BN, the 
oxygen amount, the calcium compound eunount, the grain 
boundary phase and the above-mentioned X-ray peak 
intensity ratio (TiN (200) plane/BN (002) plane) were 
measured according to the following. Those results are 
shown in Table 2 . 

(3) Relative Density: It was calculated from the 
measured density and the theoretical density. From the 
viewpoints of the accuracy of a measured value obtained 
and reproducibility, the measured density is generally 
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measured according to the Archimedes method. The 
theoretical density indicates a value determined by the 
bulk specific gravity and compounding ratio of the raw 
materials to be blended. 

(4) C-Axis Lattice Constant: A sample was measured 
by a powder X-ray diffraction method (instrument: ^^RAD-B'^ 
manufactured by Rigaku Corporation) under the conditions 

of 40 kV and 100 mA at 29 within the range of 10*" to lO"" , 
and the C-axis lattice constant of a BN crystal was 
determined by calculating it by the Rietveld method. As 
for a general method for pulverizing the sintered body to 
a powder, it is pulverized in a agate mortar several times, 
and small pieces thereof are ground in the mortar to 
miniaturize them. Further, the fine powder is passed 
through a sieve of about 200 meshes, thereby being able to 
prepare the sample suitable for the powder X-ray 
diffraction method. 

(5) Oxygen Amount: It was measured with a 
nitrogen/oxygen analyzer (programmed temperature analysis) 
(instrument: ^^TC-436'' manufactured by LECO Corporation) . 

(6) Calcium Confound Amount: It was determined by 
using an inductively coupled plasma optical emission 
spectrometer (^'ICP-AES, MODEL ICAP-IOOOS" manufactured by 
Nippon Jarrel Ash) . 
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(7) Grain Boundary Phase: As for the presence of TiN 
in the grain boundary phase, the boat was processed into a 
cross sectional form 5 mm in diameter, the state of 
element distribution was measured with an EPMA (X-ray 
microanalyzer) for a ground portion of the cross section, 
and further, the grain boundary phase was identified by 
the powder X-ray diffraction method. 

(8) X-Ray Peak Intensity Ratio (TiN (200) Plane/BN 
(002) Plane) : It was determined from the results of the 
above-mentioned powder X-ray diffraction. 
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As shown in Tables 1 and 2, it is revealed that the 
corrosion rate of the ceramics sintered body of the 
invention is suppressed to 6 ^/min or less, so that 
corrosion resistance is significantly improved, and that 
the boat prepared using the same has a long life of 15 
cycles or more. 

While the present invention has been described in 
detail and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

This application is based on Japanese Patent 
Application No. 2003-413533 filed on December 11, 2003, 
the contents thereof being herein incorporated by 
reference. 

<Industrial AppliccJ3ility> 

The ceramics sintered body of the invention can be 

used, for example, as an exothermic body for metal vapor 

deposition such as a boat, and further, the exothermic 

body for metal vapor deposition of the invention can be 

used, for example, as a jig in vapor depositing metals 

such as aluminum, copper, silver and zinc onto substrates 

such as films or ceramics. 
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